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Prelude to NASA’s Planetary Exploration Program

Four and a half billion years ago, a rotating cloud of gaseous and dusty material
on the fringes of the Milky Way gaaxy flattened into a disk, forming a star from the
innermost matter. Collisions among dust particles orbiting the newly-formed star, which
humans call the Sun, formed kilometer-sized bodies called planetesimals which in turn
aggregated to form the present-day planets.! On the third planet from the Sun, several
billions of years of evolution gave rise to a species of living beings equipped with the
intellectual capacity to speculate about the nature of the heavens above them.

Long before the era of interplanetary travel using robotic spacecraft, Greeks
observing the night skies with their eyes alone noticed that five objects above failed to
move with the other pinpoints of light, and thus named them planets, for “wanderers.”

For the next six thousand years, humans living in regions of the Mediterranean and

Europe strove to make sense of the physical characteristics of the enigmatic planets.®

! For adetailed description of the evolution of the solar system and individual planets, moons, and other
bodies, see David Morrison and Tobias Owen, The Planetary System (New Y ork, NY: Addison-Wesley,
1987). J. Kelly Beatty and Andrew Chaikin, eds., The New Solar System (Cambridge, MA: Sky Publishing
Corporation, 1990) is a comprehensive guide to solar system bodies, their properties, and their postulated
evolutionary histories.

2 Without the aid of telescopes, Mercury, Venus, Mars, Jupiter, and Saturn were the only planets visible
from Earth, which then was not known to be a planet as well. Interestingly, all of the planets are named for
the Roman gods with the exception of Uranus, who was a Greek god.

3 For an excellent history of planetary studies leading up to and including the inception of NASA, see
Ronald A. Schorn, Planetary Astronomy: From Ancient Times to the Third Millennium(College Station,
TX: Texas A&M University Press, 1998). William Sheehan, Worlds in the Sky: Planetary Discovery from



Building on the work of Babylonians, Chaldeans, and Hellenistic Greeks who had
developed mathematical methods to predict planetary motion, Claudius Ptolemy of
Alexandria put forth a theory in the second century A.D. that the planets moved in small
circles, or epicycles, around alarger circle centered on Earth.* Only partially explaining
the planets motions, this theory dominated until Nicolaus Copernicus of present-day
Poland became dissatisfied with the inadequacies of epicycle theory in the mid-sixteenth
century; a more logical explanation of the observed motions, he found, was to consider
the Sun the pivot of planetary orbits.> During the next 150 years, Johannes K epler of
Denmark deduced that planets move around the Sun in elliptical orbits, and Isaac Newton
of England identified the force that yielded these orbits and interactions between
planetary bodies as gravity. ®

By the early seventeenth century, people no longer had to rely only on their
eyesight to study the heavens: the refractor telescope, comprised of glass lenses, made its
debut in 1609 and thus marked the start of a new era of planetary discovery. Though not
the very first to scan the night sky with atelescope, Italian mathematician Galileo Galilei
worked hardest to perfect his refractors (his best tel escope achieved a magnifying power
of thirty) and reported details of the Moon’s surface features, observed the phases of

Venus, and discovered the four largest satellites of Jupiter. As subsequent generations of

Earliest Times through Voyager and Magellan (Tucson: University of Arizona Press, 1992) describes the
history of human study and knowledge of individual planets and other solar system targets.

“ Although Ptolemy is credited with the development of epicycle theory, Hipparchus was also responsible
for itsrise.

® Copernicus’ treaty, De Revolutionibus Obrium Caelestium (1543) was banned by the Catholic Church for
nearly two hundred years beginning in 1616 dueto its “heretical” idea of removing Earth from the
universe's center. See Thomas S. Kuhn, The Coper nican Revolution: Planetary Astronomy in the
Development of Western Thought (Cambridge, MA: Harvard University Press, 1957) for more on
Copernicus' contributions. It should be noted that the Grecian Aristarchus of Samos had proposed that
Earth and the other planets revolved around the Sun even before Ptolemy put forth the theory of epicycles.
® Newton' s famous work on gravity and other physical principlesisPhilosophiae Naturalis Principia
Mathematica (1687).



astronomers worked to improve the power of refractors, they had to build increasingly
lengthy telescopes, separating the eyepiece from the objective lens, to combat the
distortion in colors that occurred in telescopes with wider objective lenses. Newton’'s
invention of the reflector telescope, which used a curved mirror in lieu of glass lenses,
was not limited by this problem. Observatories throughout the Western world installed
larger and more powerful telescopes of both types as they improved in capability over the
next severa centuries. The developments in telescopes led to the discovery of three more
planets in the solar system—Uranus, Neptune, and Pluto—as well as numerous moons,
asteroids, and comets previously unseen by the unaided eye.’

During the nineteenth century, the United States emerged as a player in the field
of planetary astronomy. In 1840 New Y ork University Professor John William Draper
photographed the Moon for the first time, while William Cranch Bond used the 15-inch
refractor at the Harvard College Observatory to discover satellites and rings around
Saturn in 1848. But while American facilities like the Harvard College Observatory
focused on visual studies of the planets during the nineteenth century, many of them
turned their attention to stellar research by the turn of the century. With the advent of
more powerful telescopes came the desire among many astronomers to look beyond the
solar system and farther into the reaches of space. In addition to better telescopes came
advances in photography and spectroscopy—techniques that were helpful to planetary

astronomy to some extent but proved more appropriate to the study of more distant

” For more on the development of the telescope, see Henry C. King, The History of the Telescope (L ondon,
England: Charles Griffin, 1955).



objects in the universe.® Developmentsin the theories of quantum mechanics, relativity,
and cosmology further sparked interest in astrophysics rather than planetary studies. By
the turn of the century, visual planetary astronomy was becoming a subject in actual
disrepute, as wealthy astronomer Percival Lowell’s made highly-publicized yet
inaccurate claims that apparent lines streaking the surface of Mars were irrigation canals
constructed by intelligent inhabitants.® By the early twentieth century, with many
observatories following tacit rules that planetary studies could occupy no more than 10
percent of telescope time, astronomers had practically abandoned the objects that were
once the focus of celestial studies.

The drought in U.S. solar system studies came to an end with the ration’s

experience in World War 11.%°

Astronomers and other scientists with backgrounds in
physics played a major role in the development of radar, instrumentation to explore
infrared wavelengths, and means to better forecast weather. In addition to yielding new
techniques useful to planetary astronomy, these efforts served the nation well in fighting

the war; in return, the government increased its patronage of scientific studies across

many disciplines, including all areas of astronomy. The war also gave rise to rocket and

8 When used to record details on planets’ surfaces, time-exposure photographic plates tended to register
only blurs due to the atmosphere’ s movement, indicating that the human eye was still the better instrument
for recording physical features. Spectroscopy was also more applicable to stellar astronomy, asthe
chemical elements producing spectral lines were easier to identify for stars and nebulae than for planets.

9 As had others, Lowell mistakenly interpreted the canali (“channels’) on Mars described by Italian
astronomer Giovanni Schiaparelli as engineered waterways. Beginning in 1895 he published a series of
books and articles based on this belief, including Mars (1895), Mars and Its Canals (1906), and Mars as an
Abodefor Life (1908). Although Lowell’ s writings incurred the scorn of many astronomers, he left a great
legacy to planetary science in the Lowell Observatory, which he founded in Flagstaff, Arizona, for the
primary purpose of planetary studies. The observatory became more reputable after Lowell’s death in 1916
and with the discovery of Pluto there by Clyde Tombaugh in 1930. See William Graves Hoyt, Lowell and
Mars (Tucson: University of Arizona Press, 1976) for more details.

10 See Ronald E. Doel, Solar System Astronomy in America: Communities, Patronage, and
Interdisciplinary Science, 1920-1960 (Cambridge, England: Cambridge University Press, 1996) for an
excellent account of planetary studies performed between the end of World War | and the inception of
NASA.



missile technology, advanced mainly by the Germans but then exploited by the victorious
Allies. Bringing home leftover V-2 rockets and leading German rocket engineers,
American military forces quickly went to work to study the technology of the vehicles
that would soon forever change the way people understood the solar system.

The military’ s interest in the utility of planetary studies continued even after the
war. The Army, Navy, and Air Force conducted and funded a number of projects and
even built new observatories to perform planetary research to further their understanding
of meteorology and radar. As early as 1946 the Army studied the Moon’ s thermal
radiation using radar equipment, whose improvement led to more precise determination
of distances to the planets and the nature of their surface features.™* The Naval Research
Laboratory began planetary radio astronomy work in 1947 to gather data on the Sun’s
radio emission as well as infrared radiometric properties of the planets, while the Office
of Naval Research supported planetary work at several universities.? In an effort to better
understand weather patterns and the atmosphere of Earth, the Air Force funded a project
at Lowell Observatory to examine globa atmospheric circulation on other planets and
also erected a solar observatory in New Mexico to investigate the Sun’s impact on
Earth’ s atmosphere and ionosphere.*® In addition to the scientific studies, the Army and

Air Force both engaged in projects to develop rockets and satellites capable of traveling

1 John H. Dewitt and E. King Stodola, “Detection of Radio Signals Reflected from the Moon,”
Proceedings of the Institute of Radio Engineers 37 (1949): 229-242. For a thorough examination of
planetary radar astronomy, see Andrew J. Butrica, To See the Unseen: A History of Planetary Radar
Astronomy (Washington, DC: NASA Specia Publication (SP)-4218, 1996).

12 Joseph N. Tatarewicz, Space Technology and Planetary Astronomy (Bloomington: Indiana University
Press, 1990), p. 16; Doel, Solar System Astronomy in America, pp. 192-193, 236-40.

13 The major results of the Lowell Observatory project can be found in Earl C. Silpher et al., “ The Study of
Planetary Atmospheres: Final Report,” US Air Force Contract AF 19(122)-162, Lowell Observatory,
September 30, 1952.



to the Moon and planets for both military and peaceful purposes.** Responding to the
project needs of the military, a number of commercia aviation firms also moved into the
business of space vehicle and spacecraft development, which made the prospects of
interplanetary travel even more realistic.

Indeed, advances in space technology and newly perceived advantages to
knowing about the solar system had rekindled U.S. interest in the field of planetary
science by the mid-1950s. Some astronomers distinguished for their work in stellar
astronomy turned their attention to targets closer to home. Perhaps the most renowned,
Gerard Kuiper of the University of Chicago, who researched double stars and stellar
evolution before the war, used infrared spectrometry to confirm the presence of carbon
dioxide in Mars atmosphere and water at the polar capsin 1948.1° Between 1953 and
1963 Kuiper compiled a photographic atlas of the Moon as well as a comprehensive,
four-volume summary of human knowledge of the solar system.® During the decade
American as well as international astronomers also created organizations to plan and

discuss research in planetary astronomy. The Mars Committee, for example, consisted of

411 1952 top German rocket engineer Wernher von Braun expounded his vision of interplanetary vehicles
that would transport humans to the surface of the Red Planet in Wernher von Braun, The Mars Project,
English translation prepared by Henry J. White (Urbana, IL: University of Illinois Press, 1953). For Air
Force space technology activities, see Nick A. Komans, Science and the Air Force: A History of the Air
Force Office of Scientific Research (Arlington, VA: Office of Aerospace Research, 1966) and David N.
Spires, Beyond Horizons: A Half Century of Air Force Space Leadership (Washington, DC: U.S.
Government Printing Office, 1997).

15 Gerard Kuiper, “Planetary Atmospheres and Their Origin,” in Gerard Kuiper, ed., The Atmospheres of
Earth and Planets, 2" ed. (Chicago, IL: University of Chicago Press, 1952), pp. 358-360.

16 Gerard P. Kuiper, ed., Photographic Lunar Atlas: Based on Photographs Taken at the Mount Wilson,
Lick, Pic du Midi, McDonald, and Yerkes Observatories (Chicago, IL: University of Chicago Press, 1960);
Gerard P. Kuiper, ed., The Sun (Chicago, IL: University of Chicago Press, 1953); Gerard P. Kuiper, ed.,
The Earth as a Planet (Chicago, IL: University of Chicago Press, 1954; second impression, 1958); Gerard
Kuiper and Barbara M. Middlehurst, eds., Planets and Satellites (Chicago, IL: University of Chicago Press,
1961); BarbaraM. Middlehurst and Gerard P. Kuiper, eds., The Moon, Meteorites, and Comets (Chicago,
IL: University of Chicago Press, 1963).



scientists that met annually to share the results of their observations of the Red Planet.!’
Even popular literature reflected the new preoccupation with the planets, with writers—
including scientists and engineers—conveying to the public in ssimple words modern
understanding of the solar system and their vision of human exploration of neighboring
worlds.*® Little did solar system enthusiasts know that before the next decade, national
efforts in planetary astronomy would come together under a single organization and
begin a new paradigm of operation as a reaction to a stunning space feat performed

halfway around the world.

A Federal Home for Planetary Science

Both the United States and the Soviet Union had pledged to develop and launch
scientific Earth satellites during 1957 and 1958 for the International Geophysical Year.®
In addition to improving understanding of Earth’s atmosphere and its relationship to the
Sun during this worldwide research effort, the nations hoped to demonstrate the
feasibility of launching and orbiting around Earth spacecraft that could serve scientific as

well as other purposes. Prior awareness of the Soviet Union’s project, however, did not

17 For more details on the Mars Committee’ s activities, see, for example, E.C. Silpher and A.G. Wilson,
“Report on the Conference of the Mars Committee” (held at L owell Observatory, October 22-23, 1953) and
“Minutes of a Meeting of the Mars Committee Held at the Headquarters of the National Geographic
Society” (Washington, DC: March 29, 1954).

18 Examples of popular books on planetary exploration written in the 1950s include Willy Ley, The
Conquest of Space (New York, NY: Viking Press, 1949); Joseph Kaplan et al., Acrossthe Space Frontier
(New York, NY: Viking Press, 1952); Cornelius Ryan, ed., Conquest of the Moon (New York, NY: Viking
Press, 1953); and Willy Ley and Wernher von Braun, The Exploration of Mars (New York, NY: Viking
Press, 1956). The history of popular interest in Mars can be found in Martin Caidin and Jay Barbree, with
Susan Wright, Destination Mars: In Art, Myth, and Science (New Y ork: Penguin Putnam, 1997). For more
details on public interest in space exploration see Howard McCurdy, Space and the American Imagination
(Washington, DC: Smithsonian Institution Press, 1997). McCurdy argues that human rather than robotic
space exploration has been the predominant focus of imagination throughout history, and for this reason
human space travel became the emphasisin the U.S. civil space program.

19 James C. Hagerty, The White House, “1GY Statement,” July 29, 1955. This document appears as1-17 in
John M. Logsdon, gen. ed., with Linda J. Lear, Jannelle Warren-Findley, Ray A. Williamson, and Dwayne



placate the American public when news spread in October 1957 that the Communist
nation had succeeded in lofting into orbit a beeping, basketball-sized satellite known as
Sputnik. In reaction to the Soviet achievement, government and military officials quickly
made plans to mobilize a magjor national space effort.

Solar system exploration played a significant role in the nation’s earliest attempts
to outdo the Soviet Union in space.?® The first such scheme was put forth just three weeks
after Sputnik’ s launch by William Pickering, Director of the Jet Propulsion Laboratory
(JPL). Calling his proposal Project Red Socks, Pickering envisioned sending robotic
probes to the Moon. #* Though the probes would be equipped with scientific payloads,
Project Red Socks main purpose was to demonstrate the United States' capability to
reach Earth’s satellite and travel beyond. Early in 1958 the Advanced Research Projects
Agency (ARPA), which then had responsibility for the nation’s space projects,
considered the proposal. By March, Secretary of Defense Neil McElroy announced that
the United States would attempt to send robotic envoys to explore up-close another body

in the solar system.? [11-1, 11-2]

A. Day, Exploring the Unknown: Selected Documentsin the History of the U.S. Space Program, Volume I:
Organizing for Exploration (Washington, DC: NASA SP-4407, 1995), pp. 200-201.

20 Two books authored by leaders of NASA’s early space science program are particularly valuablein
providing a comprehensive, inside look at the development of NASA’s space science program. These
books are Homer E. Newell, Beyond the Atmosphere: Early Years of Space Science (Washington, DC:
NASA SP-4211, 1980) and John E. Naugle, First among Equals: The Selection of NASA Space Science
Experiments (Washington, DC: NASA SP-4215, 1991).

21 Jet Propulsion Laboratory, Project Red Socks (Pasadena, CA: Jet Propulsion Laboratory, California
Institute of Technology, October 21, 1957), pp. 2-3; William Pickering to Lee DuBridge, with attachments,
October 25, 1957. Unless otherwise noted, all unpublished documents cited in this essay may be found in
the NASA Historical Reference Collection, NASA History Division, NASA Headquarters, Washington,
DC. Founded in 1936 as the Guggenheim Aeronautical Laboratory of the California Institute of
Technology, JPL started as arocketry research and development center operated by the California I nstitute
of Technology under contract from the Army Ordnance. The center began tinkering with space probes after
World War I1.

22 Roy Johnson, ARPA Director, to Commanding General of Ballistic Missiles Div, ARDC, “Order to
Proceed with Development of Three Lunar Probes,” March 27, 1958; U.S. Army Ordnance Missile
Command, “Development and Funding Plan for Project One, ARPA Order 1-58, as Amended,” May 15,
1958.



Under the direction of ARPA, the Air Force, the Army, and JPL immediately
went to work to develop the hardware for the project, renamed Pioneer. Some have
argued that the differences between the two military branches approaches to Pioneer
doomed the project in its planning stages.?® Whether actually due to such differences or
simply to the fact that space launch was a very new activity, Project Pioneer encountered
one failure after the next. An explosion of its Thor-Able launcher shortly after liftoff on
August 17, 1958, prevented the first lunar probe from even passing through Earth’s
atmosphere. Two months later Pioneer 1 was successfully launched and returned data on
near-Earth space, but failed to reach the Moon because its second stage shut down
prematurely. Pioneer 2 failed when its booster’ s third stage failed to ignite. While Pioneer
3 traveled away from Earth for 38 hours and discovered a second Van Allen belt of
trapped energetic particles around Earth, it failed to arrive at its lunar target when the
Jupiter launcher’s first stage cut off prematurely. By the time Pioneer 4 was launched in
March 1959, passing too far from the Moon to use its scanning instruments, the Soviets
had aready successfully flown Luna 1 by the Moon and would soon crash-land a second
Luna on the Moon’s surface. Three more Pioneers failed by 1960, and the project came to
an unsuccessful end.?*

As plans for Project Pioneer were getting underway, President Eisenhower
proposed to Congress in April 1958 the creation of a civilian agency to begin handling
the nation’s activities in space. A peaceful approach to space operations, the President

reasoned, was preferable in the eye of the national and global publics to allowing the

2 Edward Clinton Ezell and Linda Neuman Ezell, On Mars: Exploration of the Red Planet, 1958-1978
(Washington, DC: NASA SP-4212), p. 25.
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military to continue responding to the Soviet space challenge.?® Receiving congressional
support for this proposal, Eisenhower approved the law establishing the National
Aeronautics and Space Administration (NASA), which began operations on October 1,
1958.2° From that point onward, the new agency was responsible for national programs of
human spaceflight, passive communications, meteorology, aeronautics research, and
space science.?’

Not specifying particular space science disciplines or projects that NASA should
pursue, the space agency’ s enacting legislation only noted an obligation regarding “the
expansion of human knowledge of phenomena in the atmosphere and space.” % This
language gave NASA the responsibility to decide how it would design its space science
program. Soliciting the advice of scientists renowned in a variety of fields, the agency
began within its first few months to assemble a space science program that would lead to
greater understanding of the Earth and the cosmos by conducting investigations with
spacecraft as well as ground-based facilities.>® With scientists expressing great interest in
making solar system exploration part of the national space science effort, NASA
managers began planning at once for a repertoire of missions that would travel into deep

space.

241 1965, NASA revived Project Pioneer. The new series of Pioneer spacecraft complemented
interplanetary data returned from the Mariner probes.

5 Alison Griffith, The National Aeronautics and Space Act: A Study of the Devel opment of Public Policy
gWashi ngton, DC: Public Affairs Press, 1962), pp. 100-101; Newell, Beyond the Atmosphere, pp. 88-89.
® NASA grew out of the National Advisory Committee for Aeronautics, which had been established in
1915. “National Aeronautics and Space Act of 1958,” Public Law 85-568, 72 Stat., 426. Signed by the
Eresi dent on July 29, 1958.

" Newell, Beyond the Atmosphere, pp. 95-101. The military retained authority over active communications
and reconnaissance. Responsibility for several other relevant areas, such as launch vehicle development,
was left to NASA and the Department of Defense to arrange.

28 «National Aeronautics and Space Act of 1958,” Sec. 102(c)(1).
29 Newell, Beyond the Atmosphere, pp. 100-15.
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While space science enthusiasts had little difficulty reaching the decision to make
solar system studies a scientific priority, arriving at a consensus on where to go first
proved formidable. It became clear early on that NASA officials, scientists, and even
spacecraft engineers made a distinction between lunar and planetary exploration. With
the Soviets aiming for the Moon, NASA’s top administrators could not resist making a
successful robotic visit to the Moon and its environs its first priority in the area of solar
system exploration. As the next section of this essay reveals, NASA pursued scientific
exploration of the Moon with great vigor from the start, putting this goal ahead of
sending spacecraft to the planets. An important first step in succeeding in this effort,
however, was for the space agency to make clear its interests and delineate its authority in
making such decisions to JPL, which had been transferred from the Army to NASA by
executive order in December 1958.%° Destined to become NASA’s premier facility for
managing solar system exploration missions, JPL preferred to bypass the Moon and take
on the challenge of sending probes to worlds beyond the Earth-Moon system.

Believing that beating the Soviets to Venus or Mars would be aloftier triumph
than reaching the Moon, JPL managers and engineers began thinking about solar system
exploration missions NASA could perform—even before the center was officially
transferred to the agency. Interpreting a memo from NASA’s Office of Space Flight
Development Director Abe Silverstein asking JPL to consider future space projects as a

reguest to devise along-range program for the agency, JPL developed a preliminary five-

30 For more on JPL’ s involvement with NASA, see Clayton R. Koppes, JPL and the American Space
Program: A History of the Jet Propulsion Laboratory (New Haven, CT: Yale University Press, 1982);
Newell, Beyond the Atmosphere, pp. 258-73.
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year plan of solar system exploration in November 1958.3! By April 1959 JPL scientists
produced afinal report that addressed detailed aspects of sending spacecraft to the
planets. JPL advised taking every possible opportunity to send probes to Mars and Venus,
while filling in the “down time” with missions to the Moon, launching them on Atlas-
Vega and Saturn 1 boosters. The researchers also suggested that NASA undertake a
complementary program of ground-based planetary studies.®? [11-5]

JPL’ s report clearly expressed the center’ s desire to focus on planetary missions,
with lunar exploration as a secondary goal. But NASA had opted by mid-1959 to
concentrate on lunar exploration as its venue of competition with the Soviets and to reject
JPL’ s plans to develop probes bound for Mars and Venus, piquing Pickering’s concern
about JPL’s involvement with the space agency. That December, officials from NASA
Headquarters and JPL exchanged correspondences concerning JPL’ s role in planning and
management of the solar system exploration program. 33 [11-6] On December 28, a
delegation from NASA Headquarters visited JPL to discuss plans for solar system
exploration and to better define the responsibilities of the two entities in mission planning
and execution.

By the end of the meetings, the attendant officials resolved that NASA
Headquarters would remain responsible for overall program planning, while JPL would

lead the engineering and execution of lunar and planetary missions—a position that it has

31 John F. Froehlich, “Minutes of Meeting onN.A.S.A. Space Program of October 27, 1958,” October 28,
1958; R. Newburn and M. Neugebauer, “Preliminary Consideration of aLimited Class of Problems
Suitable for Study by Interplanetary Probes and/or Satellites,” November 13, 1958.

32 Albert R. Hibbs, ed., “ Exploration of the Moon, Planets, and I nterplanetary Space” (Pasadena, CA: JPL
Technical Report 30-1, April 30, 1959).

33 Richard Horner to William Pickering, December 16, 1959; William Pickering to Abe Silverstein,
December 17, 1959; Abe Silverstein to William Pickering, December 21, 1959.
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maintained for the most part through the present.3* NASA officials assured JPL that while
lunar exploration remained the agency’s main area of solar system interest, planetary
work would get underway soon, with launches to Mars and Venus whenever they werein
“optimum position for a planetary mission.” A NASA ten-year plan created just days
before the meeting had aready affirmed the agency’ s commitment to studying the
planets.®® Finally, NASA pledged to create a single working committee for lunar and
planetary exploration in the NASA management structure.®® [11-7] Soon thereafter,
Homer Newell, assistant director for space sciences and one of the Headquarters
delegates on the trip, created the Lunar and Planetary Programs Office, to be headed by
NASA officials but staffed by outside scientists, to recommend to NASA what projects
the agency should undertake. As Newell noted years after he left NASA, athough the
NASA-JPL entanglement required the two entities to wrestle with “knotty issue in human
relations,” the JPL staff was instrumental in “laying the groundwork for the phenomenal
successes that were |ater achieved in investigating [both] the [M]oon and planets.”*’
While getting scientific instruments into space became the focus of NASA’s solar
system exploration program, supporters of planetary and lunar studies pushed the agency
to fund ground-based planetary astronomy as well. With scientists still having much to
learn about the solar system, planetary enthusiasts argued that a strong ground-based

program would serve as an economical way to gain knowledge of the planets needed to

prepare spacecraft bound for neighboring worlds. Throughout the early years of NASA’s

34 NASA General Management Instruction 2-2-11, “NASA-JPL Relationships,” August 2, 1960.

35 NASA, Office of Program Planning and Evaluation, “The Ten Y ear Plan of the National Aeronautics and
Space Administration,” December 16, 1959.

3¢ Homer Newell, memo to file, “Trip Report for the Visit to the Jet Propulsion Laboratory on December,
28, 1959 by Homer E. Newell, Jr., Newell Sanders, J.A. Crocker, Morton J. Stoller,” December 30, 1959,

EP 1-3.

Newell, Beyond the Atmosphere, p. 259.
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existence, military, commercial, and non-profit groups with interest in the budding space
program completed studies on the feasibility and importance of a federally funded,
ground-based planetary program.® In June 1960 the topic of ground-based observatories
became the focus of a Space Science Board conference on planetary atmospheres, where
some of the attendees passed a resol ution that the Board recognized the importance of
federal support for ground-based planetary research.® That same month, Kuiper, by then
aconsultant to NASA’s Lunar and Planetary Program Office, stressed a ground-based
program’s merit, expressing to Newell that a ground program was “not merely a matter of
economy,” but also “alogical necessity” for obtaining an “integrated” understanding of
the data.* [11-8] The following year, National Academy of Sciences President Lloyd
Berkner sent to NASA Administrator James Webb the Board’ s recommendation that
NASA fund a strong program of both space and ground space science research. **

The urging of these groups that NASA support a ground-based planetary
astronomy program came to fruition amost as soon as they voiced their desires, as
NASA immediately began subsidizing new and current observatories and laboratories to
study the solar system. One of NASA’s earliest major contributions to ground-based solar
system research was the funding of the University of Arizona's Lunar and Planetary

Laboratory. In 1960, Kuiper relocated the lunar and planetary operations of the Y erkes

38 For amore detailed description of the evolution of federally supported, ground-based planetary studies,
see Joseph N. Tatarewicz, Space Technology and Planetary Astronomy (Bloomington: Indiana University
Press, 1990).

39 Space Science Board, “Minutes of the Eighth Meeting,” June 25, 1960. NASA Deputy Administrator
Hugh Dryden, who was present at the meeting, suggested to the Board that the resolution be passed along
to President Kennedy’ s science advisor, George Kistiakowsky, to be considered as part of a new national
science policy.

40 Gerard K uiper to Homer Newell, “Need for a Ground-Based L unar and Planetary Observatory,” June 18,
1960.

“! Lloyd V. Berkner to James E. Webb, March 31, 1961; Space Science Board, “ Support of Basic Research
for Space Science,” March 27, 1961.



Observatory to this new facility, which aimed to serve as a “research and teaching unit
concerned with the study of the Moon and the planets.” 4> Staff of the Laboratory have
assisted in collecting and interpreting data from NASA’s solar system exploration
missions since the Laboratory’s inception. Throughout the 1960s, NASA also funded
upgrades of severa ground-based telescopes to make them more suitable for planetary
astronomy purposes. The space agency built an observatory on Mauna Kea in Hawaii that
has specialized in planetary investigations. In addition, NASA began development in
1958 of the Deep Space Network—the first worldwide, civilian satellite communications
network. Consisting of three radio antenna stations in California, Spain, and Australia,
the Deep Space Network has the ability to continuously track robotic spacecraft and
remains NASA’s means for communicating with probes sent into the solar system.*®
Within afew years of its inception, NASA had become the primary supporter and
coordinator of solar system exploration activities in the United States. The creation of a
national space agency equipped with millions of dollars of federal money for planetary
and lunar projects and spurred by international competition provided the invigoration
solar system astronomy needed to move forward after its decline in the early part of the
twentieth century. Moreover, technological progress had equipped astronomers with the

means not only to study but also to explore the solar system in situ with spacecraft, the

2 Ewen A. Whitaker, The University of Arizona’s Lunar and Planetary Laboratory: Its Founding and
Early Years (Tucson: University of Arizona[sometime after August 1985]), p. 29. This document provides
an excellent history of the Lunar and Planetary Laboratory.

“3 The first components of the Deep Space Network were two antennas built by JPL in the Mojave Desert.
These antennas were originally intended to track and receive telemetry from the military’ s Pioneer probes
and to test the feasibility of long-range satellite communications. JPL later used the antennas for a ground-
based Venus radar experiment. Butrica, To See the Unseen, pp.36-38. For more on the Deep Space
Network’s history, see William R. Corliss, A History of the Deep Space Network (Washington, DC: NASA
CR-151915, 1976); Nicholas A. Renzetti, ed., A History of the Deep Space Network from Inception to
January 1, 1969, vol. 1, JPL Technical Report 32-1533, September 1, 1971; and Craig B. Waff, “The Road
to the Deep Space Network,” |EEE Spectrum (April 1993): 53.
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“sine qua non” of space science.** Between NASA Headquarters, JPL, and the other
NASA field centers, the federal government had created an institution that, beginning in

the 1960s, transformed scientists' knowledge about the Moon and planetary system.

NASA Shoots for the Moon

While ARPA was striving to successfully deliver Pioneer spacecraft to the
Moon’s vicinity in the fall of 1958, Naval Research Laboratory theoretical physicist
Robert Jastrow arrived at NASA Headquarters to head the agency’s program of basic
research in astronomy and planetary science. Within a short time he came across The
Planets: Their Origin and Development, a 1952 book in which Nobel laureate Harold
Urey put forth his theories of lunar evolution.*® Fascinated by Urey’s arguments that the
Moon was geologically dead and that its interior recorded conditions of the early solar
system, Jastrow contacted Urey to discuss the prospects for scientific exploration of the
Moon. In January 1959, just after the Soviet Luna 1 had passed within 5000 kilometers of
the Moon and the American Pioneer program had endured its third failure, Urey visited
NASA Headquarters to share his views on lunar exploration’s scientific value.*® After
talking together, Jastrow and Urey approached Newell about initiating a specia effort to
land on the Moon to catch up with the Soviets. Receptive to the idea, Newell asked

Jastrow and Urey to draft a memo proposing that NASA institute a plan to crash-land

“4 Newell, Beyond the Atmosphere, p. 133.

“5 Harold C. Urey, The Planets: Their Origin and Development (New Haven, CT: Yale University Press,
1952). Urey, together with George M. Murphy and Ferdinand G. Brickwedde, won the Nobel Prize for
Chemistry in 1934 for their discovery of the existence of heavy water, the molecules of which consist of an
atom of oxygen and two atoms of heavy hydrogen or deuterium. For an overview of Urey’s achievements,
see Stephen G. Brush, “Nickel for Y our Thoughts: Urey and the Origin of the Moon,” Science 217 (1982):
891-98.

48 Robert Jastrow, Journey to the Stars: Space Exploration—Tomorrow and Beyond (New Y ork: Bantam,
1989), pp. 9-14.
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gpacecraft laden with scientific instruments on the Moon’ s surface over the next two
years, with the goal of a soft lunar landing by 1961.%” Serving as the first formal scientific
rationale for lunar exploration, this memo proclaimed that NASA should undertake a
program of lunar exploration in accordance with goals put forth by planetary scientists.
Urey and Jastrow asserted in the memo, “It is our opinion that a study of the Moon is
more important than a study of Venus or Mars, from the standpoint of the origin of the
solar system.” *8[11-3]

During the course of 1959, NASA officias stirred by the Soviet Union’s success
in reaching the Moon took heed of the proposition and elevated lunar exploration to a
very high priority of the national space program—yputting it in a more prominent position
than planetary exploration.*° [I1-4] Two meetings of the newly formed ad hoc Working
Group on Lunar Exploration in February 1959 laid out the main lines of a proposed
automated lunar program. In late May, Silverstein and Newell reprogrammed two Atlas-
Vega flights as lunar orbiters; two months later Silverstein instructed JPL to cancel plans
for some Venus and Mars missions and to redesign the Vega upper stage for a series of
lunar orbiting missions.®® By July, NASA Administrator T. Keith Glennan formally
recommended to a group of top presidential advisors and security officials that the nation
concentrate its solar system exploration program on the Moon because it best supported

national security goals and was a more proximate, accessible target than the planets.>*

*" Homer Newell, “Meeting of Harold Urey, Robert Jastrow, John O'K eefe, and Homer Newell,” January
16, 1959. This meeting is recorded in the author’ s notebook.

“8 Jastrow, Journey to the Stars, 13; R. Cargill Hall, Lunar Impact: A History of Project Ranger
(Washington, DC: NASA SP-4210, 1977), p. 15.

49 U.S. Congress, House, Committee on Science and Astronautics, The First Soviet Moon Rocket, Report of
the Committee, 86™ Cong., 1 sess., on H.R. 1086 (Washington, DC: Government Printing Office, 1959),

p. 6; Newell to Silverstein, March 23, 1959.

°0 william Pickering to Abe Silverstein, July 10, 1959, as cited in Hall, Lunar Impact, p. 20.

®1 7. Keith Glennan, memorandum for the file, July 24, 1959, as cited in Hall, Lunar Impact, p. 20.
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With the approval of Glennan’s proposal, NASA Headquarters ordered JPL to cancel its
January 1961 Venus mission, leaving the center to work only on lunar missions.*?

NASA'’s lunar interest did not stop at orbiting science spacecraft around the Moon
but extended to crashing them into its surface. At the very end of 1959, NASA
Headquarters personnel asked JPL to begin planning for a hard lunar landing project.
Taking the name Ranger, the project would consist of two initial engineering flight tests
that would perform experiments on fields and charged particles in Earth’s upper
atmosphere and near-Earth space, and three subsequent spacecraft which would gather
scientific data on the Moon before impacting it. NASA officials hoped Ranger would
demonstrate the technology necessary for spacecraft bound for deep space as well as the
abilities to deliver scientific payloads to a celestial target, position experiments, perform a
proposed scientific program, and transmit the results to Earth.>* Instruments planned for
the crash landers included a television camerato return close-up photographs of the
surface, a seismometer, a gamma-ray spectrometer to determine the surface’s chemical
composition, and radar for reflectivity measurements. Silverstein hoped JPL would
complete the project in thirty-six months.*®

The five originally scheduled Ranger missions did, in fact, make it off the launch
pad within three years. All five, however, failed, preventing the return of virtually al of
the planned science data. Booster failures and inaccurate launch trajectories contributed

to the first three Ranger failures. Ranger 4 crashed without control on the far side of the

2 William Pickering to Abe Silverstein, August 4, 1959, as cited in Hall, Lunar Impact, p. 20.

3 Homer Newell, memo to file, “Trip Report for the Visit to the Jet Propulsion Laboratory on December,
28, 1959 by Homer E. Newell, Jr., Newell Sanders, J.A. Crocker, Morton J. Stoller,” December 30, 1959.
% The history of the Ranger program is exposed in great detail in Hall, Lunar Impact.

%5 JPL’s early Ranger planning efforts can be seen in JPL, “Ranger Project Development Plan, Revision,”
June 5, 1961.
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Moon, while Ranger 5 experienced a power failure that ended the mission. NASA and
JPL investigations of the series of Ranger failures revealed that failures specific to the
gpacecraft themselves resulted from the fact that the missions had become increasingly
risky when engineers removed many of the spacecraft’ s redundant systemsin an effort to
meet the Atlas-Agena launch vehicle's weight limitations.®® After acomplete design
review, changes in the project’ s management and development practices, and the addition
of several redundant features, NASA attempted to send four more Rangers to the Moon.
Ranger 6 launched in January 1964 and successfully reached the Moon, but failed to
transmit any photographs from its six television cameras, leading NASA, JPL, and
Congress to conduct further investigations into the management and engineering
processes of JPL and the space agency.®’ The congressional report concluded that NASA
Headquarters failed to provide enough oversight, while JPL did not adhereto NASA’s
directions.

The United States finally claimed a completely successful shot at the Moon on
July 31, 1964, when Ranger 7 became the first American spacecraft to return meaningful
data before striking the lunar surface. Returning more than 4000 high-quality
photographs of the Moon’s surface, the spacecraft’ s success after along string of failures

lifted the morale of space supportersin NASA, JPL, Congress, and the public at large.*®

%8 |n truth, it turned out, engineers had underestimated the carrying capacities of the launchers, and thus
needlessly removed many vital redundant systems. Hall, Lunar Impact, pp. 65-67; JPL, “Ranger RA-5
Failure Investigation, Report of JPL Failure Investigation Board,” November 13, 1962; NASA, “Final
Report of the Ranger Board of Inquiry,” November 30, 1962.

" JPL, “RA-6 Investigation Committee Final Report” Engineering Planning Document No. 205, February
14, 1964; NASA, “Final Report of the Ranger 6 Review Board,” March 17, 1964; U.S. Congress, House,
Committee on Science and Astronautics, Investigation of Project Ranger: Hearings before the
Subcommittee on NASA Oversight, 88" Cong., 2" sess., no. 3 (Washington, DC: Government Printing
Office, 1964).

%8 For an example of the media s response to Ranger 7' s success, see “Impact!” editorial in The New York
Times, August 2, 1964, p. E 1.
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[11-11] Two subsequent Ranger spacecraft proved equally successful, with the final
mission, Ranger 9, carrying the last ten minutes of the spacecraft’s journey to the surface
on live television—a public-stirring feat the Soviets had not yet accomplished. With the
end of the Ranger program, NASA had achieved the best view to date of the Moon and
its craters, returning photographs revealing features as small as a meter in size, and had
also developed technologies and spacecraft designs to use on future solar system
missions.

By the time the first Ranger mission launched, however, NASA’s lunar
exploration program had begun to change in fundamental ways. When in May 1961
President John F. Kennedy made his landmark announcement of the U.S. intent to send
humans to the Moon’ s surface and return them safely to Earth, the nation readily
embraced this chance to make major strides over the Soviets in space.®® Already
underway, the Ranger program piqued the interest of supporters of the manned lunar
landing project, dubbed Apollo.?® Although Ranger originally had been conceived as a
program of scientific exploration consisting of five probes, many NASA officials
believed the missions could contribute to the understanding of the surface as well as the
landing systems that Apollo required. [I1-10] Congress willingly appropriated the
necessary funds for NASA to fly Rangers 6 through 9 to return high-resolution
photographs of the lunar surface.®* At the request of NASA to find away to improve the

missions’ reliability and ensure the success of Ranger’s Apollo objectives, JPL removed

%9 John F. Kennedy, “Urgent National Needs,” Speech to a Joint Session of Congress, May 25, 1961. See
document I11-12 in John M. Logsdon, gen. ed., Exploring the Unknown, 1:453-54.

%0 Oran Nicks to Edgar Cortright, “Lunar Program Support to Manned Lunar Landing,” December 6, 1961.
1 NASA Associate Administrator Hugh Dryden testified before the Senate Committee on Science and
Astronautics that Apollo’s success depended on an improved understanding of the Moon'’ s surface, and
requested that Congress extend the Ranger program to meet Apollo’s needs. U.S. Congress, Senate,
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all scientific experiments from the additional Rangers, leaving only the television
cameras.®

Despite returning excellent photographs, the Ranger program did not allow
scientists to draw many conclusions about the nature or evolution of the Moon because
they lacked other vital data. To the chagrin of planetary scientists, NASA had prioritized
lunar studies over other solar system targets and then essentially stripped science for its
own sake from the lunar exploration program.®® JPL Lunar Program Director Clifford
Cummings made the point while briefing Vice President Lyndon Johnson on October 4,
1961: “Originally our lunar program had been oriented toward scientific and
technological objectives. Now...the emphasis has been changed so that support of the
manned operations is the primary objective, and space technology and lunar science are
secondary.” %4

By November 1961 NASA Administrator Webb had reorganized the agency to
create separate offices for space science and manned space flight. Within two years the
new directors of the respective offices, Newell and D. Brainerd Holmes, formed a

working group of representatives from both offices to recommend a program of space

science data acquisition that would assist planning for Apollo.®® The Office of Space

Committee on Science and Astronautics, NASA Authorization for Fiscal Year 1962: Hearings before the
Committee, 87" Cong., 1% sess., on H.R. 6847 (Washington, DC: Government Printing Office, 1961), p. 56.
62 Oran Nicks to William Pickering, June 9, 1961.

%3 Homer Newel| realized the disappointment of planetary scientists regarding the change in focus of
NASA'’ s lunar exploration program. He expressed to scientists opposed to the burgeoning Apollo project
that he expected NA SA to reestablish a program that would better serve planetary science’ sinterestsin the
future. Urey to Newell, 24 October 1962; Homer Newell to Harold Urey, November 15, 1962; Hall, Lunar
Impact, p. 181.

54 Clifford I. Cummings, “The Lunar Program,” Minutes of Briefing on the Occasion of the Visit of Lyndon
B. Johnson, Vice President of the United States of America to the Jet Propulsion Laborator